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The rat epidermis contains a population of dendritic CD3+ 
cells. For a better characterization of these cells and to inves-
tigate their relationship to epidermal lymphocytes of other 
species, we stained rat epidermal sheets using a variety of 
monoclonal antibodies against rat leukocyte differentiation 
antigens in an indirect immunofluorescence procedure. 
Additionally, we attempted to define their T-cell receptor 
(TCR) isotype at both the nucleic acid and protein level. 
Results obtained showed that the majority of the CD3+ den-
dritic epidermal cells are CD45+, CD2+, TCR ap-, major 
histocompatibility complex class II-, Thy-l-, asialo GM1-, 
CD4-, CDS-, and CDB-Iymphocytes. We further observed 
that, in contrast to the mouse system, the rat epidermis addi-
A lthough T lymphocytes or, at least, certain subpopula-tions thereof have the general propensity to populate epithelial tissues, there exist major species differences regarding the phenotype of intraepithelial T cells. Normal adult mouse epidermis harbors a network of 
uniformly dendriti(: Thy-1 + / CD4 - / CD8- T I ymphocytes, termed 
dendritic epidermal T cells ·(DETC) [1] . With the exception of the 
tail epidermis, these cells are regularly distributed over the entire 
integument [2] and exhibit a uniform nonpolymorphic T-cell re-
ceptor (TCR) configuration (TCR Vy3/Cy1/V(1) [3 -6]. In con-
trast, T cells of the adult human epidermis exhibit a varying shape 
(round, polygonal, occasionally dendritic), an irregular distribution 
(abundant in the sole, palm, and sweat ducts, very sparse at other 
locations) and display a marked phenotypic heterogeneity [7]. Most 
of these cells are CD45RO+, suggesting a previous activation, and 
exhibit, in decreasing frequency, the CD4-/CD8+, CD4+ /CD8-
and the CD4-/CDS- phenotypes [7 - 9] . This heterogeneity is also 
evidenced in their TCR configuration. The vast majority bear TCR 
afJ and only a minor population displays TCR yo heterodimers 
[7 ,10-12]. 
Shimada et al have recently described CD3+ dendritic cells in the 
rat epidermis [13]. These authors failed to detect any reactivity of rat 
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tionally harbors a small but distinctive portion of dendritic 
CD3+ cells that exhibit reactivity with an anti-pan TCR ap 
monoclonal antibody. Our further finding that rat epidermal 
cells enriched for CD3+ lymphocytes express full-length CiJ 
mRNA suggests that the vast majority of rat epidermal T 
cells carry surface-bound TCR yiJ moieties. On the basis of 
these findings, one may speculate that the indigenous T-cell 
population of the epidermis is not necessarily programmed to 
uniformly express monomorphic TCR yiJ molecules but, to 
effectively fulfill its role in host defense, is capable of adapta-
tion to the specific challenges encountered by a given species. 
] Invest Dermatoll02:74-79, 1993 
dendritic epidermal cells (DEC) with an anti-pan TCR afJ monO-
clonal antibody (MoAb) and therefore proposed the idea that rat 
DEC have a TCR configuration similar to that of mouse DETC. To 
further explore the relationship of these cel ls to their mouse and 
human counterparts, we performed ill situ characterization of these 
cells with a variety of MoAb directed against rat T-cell differentia-
tion antigens and attempted to define their TCR isotype at both the 
nucleic acid and protein level. 
MATERIALS AND METHODS 
Animals Wistar CRL rats of both sexes were obtained from the Fors-
chungsinstitut fur Versuchstierzucht und -haltung der Universitat Wien, 
Himberg, Austria. Female and male rats were paired and the resulting off-
spring were bred and maintained in our own faci lities. 
Antibodies and Reagents MoAb OX34 (anti-CD2), W3/25 (anti-
CD4), OX8 (anti-CD8), OX1 (anti-CD45), OX4 (anti-major histocom-
patibility complex [MHC]-class II) were purchased from Sera-Lab (Sera-Lab 
Limit., Sussex, England); IF4 (anti-CD3) , MRC OX19 (anti-CDS), R7 .3 
(anti-TCR O/{J) and MRC OX7 (anti-Thy-l) were obtained from Serotee 
(Oxford, England) and used either fluorescein isothiocyanate (FITC)-
conjugated or unlabeled; anti-asia lo GMI rabbit IgG was obtained from 
Wako Chemicals (Neuss , Germany). Second-step reagents used were bio-
tinylated goat anti-mouse (GAM) IgG + IgM (H + L), FITC-col~ugated 
F(ab'), GAM IgG (Medac, Hamburg, Germany), tetramethylrhodamine 
isothiocyanate (TRITC)-conjugated GAM IgM (Southern Biotechnology 
Assoc., Birmingham, Alabama), FITC-labeled F(ab'), goat anti-rabbit IgG 
(TAGO Ineorp. , Burlingame, California), FITC-eonjugated F(ab')2 sheep 
anti-mouse IgG + IgM (Grub antibodies, Scandic, Vienna, Austria) . COIl-
troIs included irrelevant, isotype-matched MoAb. 
Phenotypic Analysis of Dendritic Subpopulations in Epidermal 
Sheets by Immunofluorescence Labeling At defined time points after 
birth rats were killed and carefully shaved (with exception of newborn rats). 
Flank and ear skin (the earliest timepoint to prepare rat ear epidermal sheets 
is day 6 to 7 post partum; it is impossible to mechanically split ears before day 
6 into dorsal and ventral sides) was removed and epidermal sheets were 
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Figure 1. Phenotypic characterization of rat epidermal leukocytes. A,a) 
Flank epidermal shee ts of 2-month -old rats were exposed to antl-CD45 
(A)/anti-CD3 (a) double-labelIng. All CD~5+ l euk~cy tes exh~blt a pro-
nounced dendritic shape. A portIon of CD45 DEC dlsplays antl-CD3-re-
activity. B,b) Double-labeling of ear epidermal sheets from 2-month -old 
rats with anti-CD45 (B)/anti - MHC class II (b) MoAb showed that almost 
half of the CD45+ DEC population exhibits anti - MHC class II reactivity. 
C,c) Ear epidermal sheets from 3-month -old rats, double-stained wi th 
anti - MHC class II (C) /antl-CD3 (c) MoAb revealed that MHC class 
11+ and CD3+ DEC are mutually exclusive. Bar, 60 J.lm (a); 48 J.lm (b); 
15 J.lm (c). 
prepared using an ammonium-th.iocyan~te sepa~ation tech nique, essentially 
as described prevIOusly [14]. In either direct or ll1dlrect s1l1gle-color Immu-
nofluorescence procedures, sheets were reacted for 1 hat 37 ' C with either 
FITC-Iabeled anti - Thy-I, uncol~ugated anti-CD3, or anti-asialo GM 1. 
The binding of unconjugated antibodies was visualized by TRITC-conju-
ga ted GAM IgM or FITC-Iabeled F(ab')~ goat a nti-rabb~t IgG, respectively. 
For a more detailed phenotypic analysIs of CD3+ epidermal ce lls (Ee), 
double-staining procedures were performed. Sheets were incubated with 
one of each of the various noncOl~ugated mouse anti-rat MoAb (ami-CD2, 
anti-CD4, anti-CDS, anti-CD8, anti-CD45 , anti - MHC class II, anti-TCR 
afJ) for 16 h at 4'C and then reacted with FITC-Iabeled ~(ab'h ~AM IgG 
for 60 min at 37' C. Thereafter, sheets were counters tamed wlth mouse 
anti-rat CD3 MoAb for 1 hat 37'C followed by TRITC-Iabeled GAM IgM 
for another hour. In other experiments sheets were first exposed to one of 
each of the following mouse anti-rat MoAb: anti-CD4, anti-CD8, and anti -
MHC class II for 16 hat 4 ' C, then reacted with biotinylated GAM immu-
noglobulin for 1 h at 37'C,. and finally incubated with Texas red strept:vi-
din (Amersham Corp., Arl1I1gton Heights, IL) for another hour at 37 C. 
After exposure to normal mouse serum for 1 h at 37'C, anti-CD4 or anti-
CD8-labeled sheets were incubated with FITC-Iabeled anti-TCR ap 
MoAb and anti - MH C class ll - stained sheets were exposed to FITC-col~u­
gated anti -CD45 MoAb for 1 h at 37'C. All specimens were extensively 
washed between and after the various incubation steps and were then 
mounted dermal side up on glass slides in phosphate-buffered saline/gly-
cerol (Difco, Detroit, MI) , cover slipped, and viewed under a fluorescence 
microscope (Leitz Diaplan, W etzlar, Germany) . Staining patterns observed 
were documented with a Leitz Orthomate E system (Wetzlar) uS1l1g 29 DIN 
arti fici al light color films (Scotch C hrome, 640-T, 3M, Milan, Italy). 
Enumeration of Epidermal Subpopulations The mode of enumera-
tion of a given cell population was dependent upon its distribution pattern. 
In the case of even distribution, positively stained cells 111 50 - 300 randomly 
chosen fields of each of ear or flank epidermis were counted at a 400X 
magnification using a rectangular grid. Mean va lues ~ standard deviation 
were calculated and the density of a given cell populatIOn was expressed as 
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Table I. Emergence Kinetics of CD3, MHC C lass II, and 
CD45 Antigens in the Differentiating Flank Epidermis of Rats· 
MHC Class 
Age CD3+ Cel ls II + Cells CD45+ Cells 
Newborn 0.71 ± 0.23· 462± 11 2 478 ± 102 
5 days post partum 1.98±0.41· 503 ± 99 507 ± 74 
14 days post partu m 204 ± 168 875 ± 201 ND' 
3 months post partum 127 ± 11 5 828 ± 254 ND 
5 months post partum 108 ± 11 4 855 ± 248 ND 
13 months post partum 119 ± 157 862 ± 331 ND 
• Positively stained cells in 50-300 randomly chosen fiel ds of the flank epidermis 
were counted by ill silll immunofluorescence microscopic analysis in 3 - 6 rats per each 
age group examined. Mean va lues were calculated and the cell density was expressed as 
cell number ± standard deviation/111m2 epidermis. 
I Statistically significantly different from values recorded in older (14 d post partulll 
to 13 months post parnlm) rats (Student t test, p < 0.025). All other comparisons (14 d 
post partum versus 3- 13 months) were statistically not significantly difrerent. 
, ND, not determined. 
ce ll number/mm2 . For the quantitative evaluation of single or clustered cel l 
populations, the entire flank epidermis was cut into 20-30 sheets or single 
ears were carefully examined and each positively stained cell was recorded. 
The resulting cell number/rat was divided by the total area viewed resulting 
in the number of positively stained cells/mm2 of rat epidermis. The sta tisti-
cal significance of mean va lues of CD3+ cells/mm2 among various age 
groups was assessed by the Student t test. Differences were considered signif-
icant at p < 0.05. 
Lymphocyte Enrichment from EC Suspensions EC suspensions were 
prepared from adult r~t ear skin essentially as described previously [15]. T he 
resulting ce ll suspensIOn was then collected and further ennched for lym-
phocytes. For ~his purpose, EC were subjected to an osmotic shock treatment 
with lysis buffer (0.155 M NH.Cl, 0.01 M KHC03 , om mM Na2EDTA) 
for 1.5 min at room temperature as described previously for the enrichment 
of murine DETC [1] . Viable cells (> 95%) were obtained by Lympholyte-M 
(OD. 1.087; Cedarlane Labs. H?rnby, Ontario, <:=anada) ?ensity gradient 
centrifugation. Lymphocyte-ennchment was venfied by Immunofluores-
cence microscopy in that cells were reacted with one of each of the fo llowing 
mouse anti-rat MoAb: anti-C D45, anti-MHC class II, or anti-CD3 for 
30 min at 4 ' c. Antibody binding was visualized by subsequent incubation 
with FITC-Iabeled F(ab'h sheep ami-mouse immunoglobulin. The quality 
of enrichment for CD3+ cells ranged between 30 and 40% (viability 
> 95%). 
Immunomagnctic Sorting of Spleen Cells (SC) Splenic T cel ls were 
prepared by treating unfractionated SC wi th lysis buffer and by subsequent 
passage over nylon wool columns as described previously [16]. For subset 
depletion, these cells were exposed to saturatmg concentratlOllS of mouse 
anti-rat TCR ap MoAb fo r 30 min at 4 ' c. After several washes, 1.6 X 109 
GAM IgG magnetic beads (Dynabeads M-450, Dynal, Oslo, N orway) were 
added to 4 X 10· cells and this mixture was then incubated under gentle 
rotation for 30 min at 4' C. Thereafter, the ce lls attached to the Dynabeads 
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Figure 2. Histogram showing the densities of CJ?3+ (~) and MHC class 
II+ (O) dendritic cells within the ear and flank epidermiS of 3-month-old 
Wistar CRL rats. 
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Figure 3. Expression of Co mRNA in lymphocyte-enriched EC as deter-
mined by Northern blot analYSIS. Twenty micrograms total cellular RN~ of 
each cell preparation (T245/BW, lymphocyte-enriched EC I , contall1l11g 
30% CD3+ DEC, unfractionated SC) was electrophoresed on a 1 % agarose/ 
paraformaldehyde gel and transferred to a gene screen nylon membrane. 
Hybridization was performed using a probe labeled with (a-3~P)dCTP by 
random primin g. Positions of28S and 18S ribosomal RNA arc 1I1dlcated on 
the left. 
were separated from the non-attached cells by mcans of a Magnetic Particle-
concentrator (MPC-l, Dynal) applied for 5-10 min. 
Northern Blot Analysis Total cellular RNA from thc murine DETC 
hybridoma T245/BW [17), from lymphocyte-enri c.hed rat EC,. and from 
unfractionated rat SC was extracted usmg the aCid gua1l1d1l11um thio-
cyanate-phenol-chloroform method [18] with minor modifications. 
Twenty micrograms RN A of each cell preparation were electrophoresed on 
a 1 % agarose/formaldehyde gel and transferred to a gene screen nylon 
membrane (New England Nuclear, Boston, MA). A 417-base pair (bp) 
mouse Co cDNA probe used for hybridization was generated by performing 
a polymerase chain reaction (PCR) amplificatio~ ?f a cDNA derived from 
mRNA preparations of EC (C57BL/6) conta1l1111g TCR yo cells uS1l1g 
the following primers: 5'primer, 5'-CCG-GCC-AAA-CCA-TCT-GTT-
TTC-3'; 3'primer, 5'-GAT-GG C-AAT-GGT-CTT-GGC-3' [19]. A S1l1-
gle band of the predicted size was generated, excised fr~m an agarose gel, and 
purified llsing a B.otrap apparatus (Schleicher and Schull, Dassel, Germany). 
The cDNA probe was labeled using a multi prime DNA label1l1g kit (Amer-
sham) and (a-32P)dCTP (Amersham) . Membranes were prehyb~idized and 
hybridized as previously described [20], washed tw.ce for 5 nlln at room 
temperature with 2 X SSC and once for 30 min at 38 °C with 2 X SSC/~% 
sodium dodecyl sulfate, and finally exposed to x-ray film for 14 d at -70 C 
with intensifying screens. 
Reverse Transcription and PCR Atnplification Total cellular RNA 
from single ce ll suspensions of TCR ap-enriched SC, unfractionated EC, 
lymphocyte-enriched EC, kidney cells, and the mouse macrophage cell11l1e 
P388Dl [21] was extracted as described [18]. The synthesis of dT. s-primed 
cDNA as well as the PCR-amplification of the cDNA was carried out as 
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Figure 4. Amplification of Ca messages from EC preparations by PCR. 
Sources of mRNA were unfractionated EC, lymphocyte-enriched EC from 
two different experiments enriched for 30% and 36% CD3+ DEC, respec-
tively, TCR ap- enriched SC, and the mouse macrophage ce ll line P388D1. 
"Water control" refers to a PCR run without template. mRNA of each cell 
preparation was converted into dT .s-primed eDNA. PCR was run for 30 and 
40 cycles (dihydrofolate reductase = A, Ca = B). Note that cDNA eqUiva-
lent to 1 f1g total cellular RNA was used in the lanes ofTCR ap-enriched 
SC, unfraetionated EC, kidney cells, and P388Dl cells and cDNA equiva-
lent to 0.2 f1g total RNA was used in the lanes of lymphocyte-enriched EC. 
SZM = molecular weight marker VI (Boehringer Mannheim) . 
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Figure 5. Simultaneous demonstration, by immunofluorescence, of CD3+ 
DEC (A) and a TCR afJ+ DEC (B) within an ear epidermal sheet from a 
2-month -old Wistar CRL rat using appropriate double-labeling proce-
dures. The T CR afJ+ cell displays a dendritic configuration and 
anti-C D3-reactivity. In C, a smallncsc ofTCR afJ+ DEC is demonstrated. 
Bar, 19 ).lm (A and B); 12 pm (C). 
previously reported [20]. A 30- and a 40-cycle PCR, respectively, were 
carried out in a Hybaid Intelligent Heating block (Hybaid Ltd., Teddingron, 
U.K.). The PCR products were ana lyzed on a 1.6% agarose gel. Primers 
were synthesized on a Cyclone Plus synthesizer (Milligen, Burlington, MA) 
following the manufacturer's instruction (5 'primcr, Ca, 5'-GCA GAT 
T CA CAG CT C ACT T CA G-3', dihydrofolate reductase, 5'-CTC AGG 
GCT GCG ATT T CG CGC CA-3'; 3'primer, Ca, 5'-CAT GTC CAT 
CAC AGT ATT GCC AG-3', dihydrofolate reductase, 5' -CTG GTA AAC 
AGA ACT GCC T CC GAC-3'). 
RESULTS 
Characterization and Emergence Kinetics of CD3+ /MHC 
Class 11- Dendritic Cells in the Adult and Differentiating 
Rat Epidermis High numbers of CD45+ leukocytes exhibiting a 
pronounced dendritic shape were observed in epidermal sheets from 
2-month-old Wistar rats (Fig lA) . Double-labeling experiments 
(anti-CD45 versus anti-CD3 and anti-CD45 versus anti-MHC 
class II) showed that the C D45+ cells comprise two distinct popula-
tions, i.e., 1) CD45+ /CD3+ cells and 2) CD45+ / MHC class II+ 
cell s (Fig lA,a,B,b) . As shown in Fig le,c, these two dendri tic cel l 
populations are mutually exclusive. On a purely morphologic basis, 
the rat CD3+ DEC are indistinguishable from DETC of euthymic 
mice. 
When testing, by immunofluorescence double labeling, the reac-
tivity of anti-CD3 - stained rat epidermal lymphocytes with several 
antibodies directed against T-cell differentiation antigens, we found 
that rat CD3+ DEC bear CD2 antigens, but do not react with 
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anti-CD4, anti-CD5, or anti-C DB MoAb. In analogy to a previous 
study [22J, Thy-1 antigen expression could not be demonstrated on 
rat CD3+ DEC but was detected on rat thymocytes (data not 
shown). In contrast to the findings in mice [23 J and the rat strain 
F344 [1 3J, asialo GM1 antigens were not expressed on CD3+ DEC 
of Wistar rats (data not shown). 
Small nl1l11bers of evenly distributed CD45+ jCD3+ cells were 
already seen in the flank epidermis of newborn and 5-day-old rats 
(Table I). Peak levels were recorded around day 14 post partum; 
thereafter the density of C D3+ cel ls sli ghtly but not significantly 
decreased during the observation period of 13 months (Table I). In 
the newborn epidermis, CD3+ cells were uniforml y round in shape; 
polygonal CD3+ cells with short dendrites were first seen on day 5 
post partum and soon outnumbered the round cells. During the 
following weeks, the dendricity of CD3+ cells became more and 
more pronounced and, after 3 months of age, all CD3+ cells quali-
fied as DEC. CD3+ DEC of adult rats are evenly distributed in ears; 
in fl ank epidermis, they are preferentially found in the vicinity of 
hair follicles (data not shown). The density values of CD3+ DEC in 
the ear far exceed those encountered in the flank epidermis (Fig 2) . 
As opposed to the T-cell population, CD45+ /MHC class II+ 
Langerhans cells of the neonatal epidermis are uniforml y dendritic 
in shape and their density values in fl ank epidermis far exceed those 
of CD3+ DEC (Table I). Peak levels were encountered around day 
14 post partum; thereafter the density was almost constant during 
the observation period of 13 months (Table J). The numbers of 
Langerhans cells in the adult epidermis were similar in the flank and 
the ear epidermis (Fig 2) . 
Characterization of TCR Molecules in the Rat Epider-
mis The TCR configuration of rat CD3+ DEC was determined 
using N orthern blot and PCR analysis. Because mouse DETC be-
long to the T CR )115 lineage we wondered whether this would also 
be the case for rat DEC. Previous studies have demonstrated that the 
sequence homology between the rat TCR genes and some mouse 
TCR genes is sufficient for cross-hybridization of mouse eDNA 
probes in Northern analysis [24,25]. We thus employed a mouse Co 
cDNA probe that was hybridized to mouse as well as rat RNA. We 
found that, in addition to hybridizil1 g with RNA isolated from the 
mouse DETC hybridoma T245/BW , the Co probe gave a moder-
ate but significant hybridization signal of appropriate size in the lane 
containing lymphocyte-enriched rat EC RNA, but not in unfrac-
tionated rat SC (Fig 3). These findings strongly suggest that CD3+ 
DEC belong to the TCR )10 lineage. 
To address the question whether cells other than TCR )10+ cell s 
are present in the rat epidermis we prepared RNA fro m single cell 
suspensions derived from TCR a,B-enriched SC, unfractionated as 
well as lymphocyte-enriched EC and kidney (was included as an 
example of an organ containing low numbers of TCR a,B+ cells 
[26]). The macrophage cell line P38BD1 and the omission of tem-
plate were used as negative controls. Oligo dT-primed cD NA was 
subjected to PCR amplification using appropriate 5' and 3' primers, 
blotted and probed with internal oligonucleotides. cDNA quality of 
all cell preparations with 1 Ilg as well as 0.21lg total RNA was 
indicated by the comparable intensity of the bands generated when 
primers specific for the house-keeping gene dihydrofolate reductase 
were used (Fig 4A). After 30 cycles of amplification abundant Ca 
transcripts were found only in TCR aft-enriched SC (Fig 4B) . After 
40 cycles of amplification, Ca messages were also regularly detected 
in all EC preparations but never in any of the negative control 
samples (Fig 4B) . On the basis of this findin g we considered the 
possibility that the rat epidermis may not only harbor TCR )10+ 
DEC, but also TCR a,B+ cells. This assumption gained strong sup-
port from double-labeling experiments of rat epidermal sheets with 
anti-CD3 and a MoAb directed against a nonpolymorphic determi-
nant of the TCR aft. Results obtained revealed the existence of 
small numbers of anti-T CR a,B-reactivejCD3+ EC; they were 
CD4- /CDB- (data not shown) and uniformly exhibited a dendritic 
morphology (Fig 5B,e) . These cells were detected either alone (Fig 
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Table II. Quantitative Evaluation of CD3+ and TCR o'.p+ Cells in the Epidermis of Rats at Various Ages 
Ear Flank 
% TCRap+ % TCRcxP+ 
TCRap+ Cells of TCRap+ Cells of Age 
(weeks) CD3+ Cells' Cells' CD3+ Cells CD3+ Cells' Cells' CD3+ Cells 
7 886 ± 236 0.24 ± 0.11 0.03 129±113 0.31 ± 0.21 0.24 
14 865 ± 248 0.33 ± 0.21 0.04 92 ± 105 0.36 ± 0.13 0.39 
52 ND' ND ND 119 ± 157 0.35 ± 0.11 0.29 
, CD3+ cells in 50 - 300 randomly chosen ficlds of each of ear and flank epidermis were counted by ill sitll immunofluorescence microscopic analysis in three animals per each age 
group examined. Mean values were calculated and the cell density was expressed as cel l number ± standard deviation/mm2 epidermis. 
, For the quantitative evaluation of TCR ap+ cells , epidermal sheets prepared from either ear or flank skin were examined and each positively stained cell was recorded; the 
resulting cell number/rat was divided by the total area viewed resulting in the number of positively stained cells/mm2 epidemlis. 
, ND, not determined . 
5B) or as miniscule nests (Fig 5C) in both ear and flank epidermis. 
They were first seen on day 14 post partum (data not shown); 
maximum levels were recorded after 7 weeks and remained rela-
tively constant over an observation period of 52 weeks (Table II) . 
DISCUSSION 
In this study we have characterized CD3+ dendritic epidermal lym-
phocytes in young and old Wistar rats. In keeping with data from 
Shimada et al [13] we found that the adult rat epidermis contains a 
uniform population of dendritic CD3+ /MHC class n-/CD4- / 
CD5-/CDS- lymphocytes. A comparison of rat CD3+ DEC and 
mouse DETC (so far the term DETC is only used for mouse TCR 
Vy3+ dendritic epidermal T cells [27]) reveals many phenotypic 
similarities including the dendritic morphology, the expression of 
CD2 (CD2 antigens are also expressed on mouse DETC; E. Payer, 
personal communication), and the absence of CD4, CDS, and CDS 
antigens. Despite these similarities, rat epidermal T cells differ from 
mouse DETC in several aspects, i.e., 1) they lack asialo GM1 and 
Thy-1 antigens and 2) they express either TCR o'.p or y<5. With 
regard to Thy-l expression, rat DEC thus resemble peripheral T 
cells, which are also Thy-1 negative [2S] . 
The finding that the vast majority of the CD3+ lymphocytes 
detected in rat epidermal sheet preparations do not react with an 
anti-pan TCR o'.p MoAb indicates that these cells bear TCR y<5 
moieties . Due to the lack of nucleic acid and/or antibody reagents 
directed against common regions of TCR y<5 in rats we cou ld not 
directly prove this assumption. One approach to circumvent this 
problem was to stain rat epidermal sheets with MoAb directed 
against different Vy and V <5 TCR determinants in the hope that the 
sequence homology between the various Vy and V <5 specificities of 
mice and rats would be high enough for cross-reactivity of the 
respective antibodies (data not shown). Because these experiments 
yielded negative results, we generated a mouse C<5 cDNA probe and 
hybridized it with mouse and rat RN A using Northern blot analysis. 
This approach was chosen because it has been described that the 
sequence homology between rat TCR genes and some mouse TCR 
genes is sufficient for cross-hybridization of mouse cDNA probes in 
Northern analysis [24,25]. The C<5 probe used gave not only a 
full- length hybridization signal with T245/BW RNA [29], but 
also yielded a band of equal size with RNA extracted from lympho-
cyte-enriched rat Ee. In contrast, Northern blot hybridized with rat 
SC RNA gave negative results. Because it is known that the over-
whelming majority of splenic T cells are of the TCR o'.p type [30], 
these data favor the assumption that the TCR expressed by the 
majority of rat DEC is of the y<5 species. The validity of this assump-
tion was further strengthened by the most recent preliminary obser-
vation by one of us (A.E.) that a recently developed mouse MoAb 
that is probably directed against a monomorphic rat TCR yo 
(P. Kiihnlein and T. Hiinig, manuscript in preparation) displays 
reactivity with the vast majority of rat CD3+ DEe. 
The most surprising finding of this study was the observation that 
abundant CO'. transcripts could be PCR amplified from rat EC sus-
pensions and that a small subset of dendritic CD3+ DEC reacted 
with the MoAb against nonpolymorphic TCR O'.p determinants. 
Failure to detect this population by other investigators may be at-
tributed to the paucity of these cells or the use of another rat strain 
[13]. The question remains whether this TCRO'.p-expressing popu-
lation is a unique subtype of DEC indigenously present in rat epi-
dermis or whether these cells are conventional peripheral T cells 
transiently present in the epidermis. In the latter case one would 
expect the cells to have a round morphology and to be of either the 
CD4+ /CDS- or the CD4-/CD8+ phenotype. This is not the case as 
the TCR O'.p+ rat epidermal lymphocytes are CD4-/CDS- and 
dendritic in shape. In this context, it is noteworthy that a phenotyp-
ically similar T -cell subset has also been identified in the human 
epidermis [9]. 
The functional role of rat CD3+ DEC is presently unknown. In 
analogy to in vitro data in the mouse system:j: [31], it is conceivable 
that the TCR y<5 subset functions as an early ("primitive") ego 
defense system against injured/stressed keratinocytes. Furthering 
this analogy, TCR O'.p+ /CD4-/CDS- DEC could conceivably 
function as natural suppressor cells [32), lYIDrhokine-activated 
killer cells [33), or cytotoxIc T lymphocytes [34 or, even, display 
autoreactivity [35] . Studies with ill vitro propagated and cloned rat 
DEC are needed to address these functions. 
This work was Slipported, ill part, by gralll P8536-MED from the Austriall Scicllce 
FOllndation, Viet/na, Austria. We thallk Drs. Elisabeth Payer, Susan lie Sc/miber 
atld jolm Canlcci for helpfr,l disCllssions and gratefully acktIowledge the excellell t 
technical assistance of Sabine Schleischitz alld Regilla Holz hauser. 
REFERENCES 
1. Steiner G, Koning F, ElbeA, Tschachler E, Yokoyama WM, Shevach EM, Stingl 
G, Coligan 1E: Characterization of T cell receptors on resident murine den-
dritic epidermal T cells. EI<r] [11111"'"0/18:1323 -132B, 198B 
2. Tschach ler E, Schuler G, Hutterer 1, Leibl H, WolffK, Stingl G: Expression of 
Thy-l antigen by murine epidermal cells.] [llvese Derlllaeo/ 81:282-285, 1983 
3. Asarnow DM, Kuziel WA, Bonyhadi M, Tigclaar RE, Tucker PW, Allison JP: 
Limited diversity of yo antigen receptor genes of Thy-l + dendritic epidennal 
cells. Cell 55:837 -847, 1988 
4. Havran WL, Grell S, Duwe G, Kimura], Wilson A, Kruisbeek AM, O'Brien RL, 
Born W , Tigelaar RE, All ison JP: Limited diversity ofT-cell receptor y-chain 
expression of murine Thy-1 + dendritic epidermal cells revealed by VY3-specific 
monoclonal antibody. Proe Nae/ Acad Sci USA 86:4185 -4189, 1989 
5. Asarnow DM, Goodman T, LeFrancois L, Allison JP: Distinct antigen receptor 
repertoires of two classes of murine epithelium-associated T cells. Nature 
341:60-62,1989 
6. Havran WL, Poenie M, Tigelaar RE, Tsien RY, All ison JP: Phenotypic and 
functional analysis of yo T cell receptor-positive murine dendritic epidermal 
clones. ] 11111111<110/142:1422 - 1428, 1989 
7. Foster CA, Yokozeki H, Rappersberger K, Koning F, Vole-Platzer B, Rieger A, 
:j: Lewis JM, Tigelaar RE: Recognition of an epidermal stress antigen by 
murine 'I/o dendritic epidermal T cells (OETC) (abstr). ] Invest Denllatol 
96:538,1991. 
VOL. 102, NO . 1 JANUARY 1994 
8. 
9. 
10. 
11. 
12. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Coligan JE, W olff K, Stingl G: Hum. n epidermal T cells predominarely be-
long to the lineage expressing Cl.IP T cell receptor. J Ex" Med 17 1 :997 - 10 13, 
1990 
Bas JD, Zonnevcld I, Das PK, Krieg SR, Laos CM, Kapscnberg ML: The skin 
immune system (SIS): distribution and iml11unophenotype ofl ymphocyte sub-
populations in norma l human skill. J ['",esl Der",aw/ S8:569 - 573, 1987 
Groh V, Fabbi M, Hochstenbach F, Maziarz RT, Strominger JL: Double-negative 
(C D4-CDS-) lymphocytes bearing T-cell receptor CI. and P chains in normal 
human skin. Proc Na t! Acad Sci USA S6:5059 - 5063, 1989 
Groh V, Porcelli S, Fabbi M, Lanier LL, Picker LJ, Anderson T , W arnke RA, 
Hhan AK, Strominger JL, Brenner MB: Human lymphocytes bearing T cell 
receptor ylo arc phenotypically diverse and evenly distributed throughout the 
lymphoid system.J Exp Med 169: 1277 - 1294, 1989 
Dos J D, Teunissen MBM, Cairo I, Krieg SR, Kapse nberg ML, Das PK, Borst): 
T-cell receptor yo bearing cells in normal human skin.] [1I 11est Der",alo/94:37 -
42, 1990 
Dupuy P, Heslan M, Fraitag S, Hercend T, Dubertret L, Bagot M: T-cell recep-
tor-ylo bearing lymphocytes in normal and inflammatory human skin.J [ll vesl 
Dem,alo / 94:764 - 768, 1990 
Shimada S, Shibagaki N , T anaka T , Kubota Y, Hashimoto Y, Tamaki K: Identifi-
cation of an equivalenr to murine Thy-l + dendritic epidermal cells in the rar 
epidermis. J Dermalo! Science 3:68 - 71, 1992 
Payer E, Elbe A, Stingl G: Circulating CD3+ IT ce ll receptor Vy3+ fetal murine 
thymocytes hOllle to the skin and give rise to proliferotiJJg dendritic epidermal 
T cell s. J 1"''''"110/1 46:2536-2543,1991 
Elbe A, Ki lgus 0, Strohal R, Payer E, Schreiber S, Stingl G: Feral skin: a site of 
dendritic epidermal T cell development.} 1"'"'"110/149: 1694 - 1701,1992 
Hunig T , Wallny HJ, Hartl ey JK, Lawetzky A, Tiefenthaler G: A monoclonal 
antibody to a constant determinant of the rat T cell antigen receptor that 
induces T cell activation. Differential reactivity with subsets of immature and 
mature T lymphocytes. J Exp Med 169:73 - 86, 1989 
Yokoyama WM, Koning F, Stingl G, Bluestone J A, Coliga n JE, Shevad, EM: 
Production of a T cell hybridoma that expresses the T cell receptor ylo hetero-
dimer.J Exp Med 165:1725 - 1730, 1987 
Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid guanidi-
nium thiocyanate-phenol-chloroform extraction. A lia! Biochem 162:156- 159, 
1987 
Chien YH, Iwashi ma M, Kaplan Kil, ElliorrJ F, Davis MM: A new T-cell receptor 
gene located within the alpha locus and expressed early in T-cell differentia-
tion. Nalll re 327:677 - 682, 1987 
Schreiber S, Kilgus 0 , Payer E, Kutil R, Blbe A, Mueller C, Stin g! G: Cytokine 
pattern of LangeriJans cells iso lated from murine epidermal cel l cu ltures. 
J 1111""1110/149:3525-3534,1992 
2 1. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
3 1. 
32. 
33. 
34. 
35. 
T CELLS IN THE RAT EPIDERMIS 79 
Koren HS, Handwerger BS, Wunderlich JR: Identification of macrophage-like 
characteristics in a cultured murine tumor line.) 1"'''''' '10/114: 894 - 897, 1975 
Cohen RL, Crawford JM, Chambers DA: Thy-1+ epidermal cells are nOt demon-
strable in rat and hUlllan skin.J 1'lIIest Dermalo/87:30-32, 1986 
Romani N, Sting! G, Tschachler E, Witmer MD, Steinman RM, Shevach EM, 
Schuler G: The Thy- I-bearing cell of murine epidermis. A distinctive leuko-
cyte perhaps related to natural killer cell s. J Exp Mcd 161:1368- 1383, 1985 
Disse n E, Vaage JT, Tasken K, Jahnsen T , Rolstad B, Fossum S: Alloreactive 
Iymphokine-activated killer cells from athymic nude rats do not express CD3-
associa ted Cl.IP or ylo T cell receptors. [Illerrl b,,,,",,,o/ 2:453 - 460, 1990 
Gorlieb WH, Takacs L, Finch LR, Kopp W , W eissman AM, DurumSK: CD8 yt5 
cells: presence in the adult rat thymus and generation in vitro fro m CD4- I 
C D8- thymocytes in the presence of IL-2. Cylokille 3:598-608, 1991 
MadrenasJ, Pazderka F, Parfrey NA, Halloran PF: Thymus-independent expres-
sion of a truncated T cell receptor-CI. mRNA in murine kidney. J bllllllmo/ 
148:612-619, 1992 
Payer E, E!be A, Stingl G: Epide rmal T lymphocytes -ontogeny, features and 
function. In: Miescher PA, Spiegelberg HL (cds.). C,m elll Topics ill [m""",oder-
"'at%gy. Sprillger Selllillars ill ['lIIllllIl0pal/ro/. Springer Verlag, New York, 1992, 
pp 315-331 
Acton RT, Morris RJ, Williams AF: Estimation of the amount and tissue distribu-
tion of rat Thy- l.1 antigen. Ell r J ["'"11"'0/ 4:598 - 608, 1974 
McConnell TJ , Yokoyama WM, Kikuchi GE, Einhorn GP, Stingl G, Shev.ch 
EM, ColiganJE: o-chains of dendritic epidermal T cell receptors arc diverse but 
pair with y-chains in a restricted manner. J 111'111''''0/ 142:2924 - 2931, 1989 
L.1wcrzky A, Tiefenthaler G, Kubo R, HGnig T : Identification and characteriza-
tion of rat T cell subpopulations expressing T cell receptors Cl.IP and ylo. Ellr J 
[1111'"1110/ 20:343-349, 1990 
Havran WL, C hien YH, All ison JP: Recognition of self antigens by skin-derived 
T cells with invariant )'0 antigen receptors. Scicll ce 252: 1430- 1432, 1991 
Sttober S, Dejbachsh-Jones S, Vlassclaer P, Duwe G, Salimi S, Allison JP: C loned 
natural suppressor cel l lines express the CD3+CD4-CD8- surface phenotype 
and the CI., P heterodimer of the T cell antige n receptoLJ 1111"""'0/1 43: 1118 -
11 22, 1989 
Ba llas ZK, Rasmussen W: NK1.1 + thymocytes. Adult murine CD4-, CDS-
thymocytes contain an NK1.I "', C D3+, COSh;, CD44b;, T C R-VPS+ subset. 
J [""" ,,,,0/14 5: 1 039 - 1 045, 1990 
Mieno M, Suto R, Obata Y, Udono H, Takahashi T , Sbiku H , Nakayama E: 
CD4- CDS- T cell receptor Cl.p T cel ls: ge neration of an in vitro maj or histo-
compatibili ty complex class ) specific cytotoxic T lymphocyte response and 
allogeneic tumor rejection.J ExT' Mcd 174: / 93-201, 1991 
Mountz J D, Huppi KE, Seldin MF, MushinskiJF, Steinberg AD: T cell receptor 
gene expression in autoimmune mice. J 1",,,,",,,,/ 137: 1029-1036,1986 
